by these social signals have raised interesting questions regarding the classical conception of spatial attention mechanisms (see, e.g., Kingstone, Smilek, Ristic, Friesen, & Eastwood, 2003; Langton, Watt, & Bruce, 2000) . The "standard" view, for instance, was that centrally presented cues (i.e., cues that did not bear spatial overlap with the potential target location) had to be informative as to the likely location of a target before attention would be committed to it-that is, the attentional shift to central cues was volitional rather than reflexive (Jonides, 1981; Klein, Kingstone, & Pontefract, 1992; Posner, 1978) . 1 Interestingly, the consequences of orienting to socially meaningful cues do not conform strictly to either of the two classic categories of reflexive and volitional attention (see, e.g., Friesen et al., 2004; Kingstone, Friesen, & Gazzaniga, 2000; Langton et al., 2000) . Like the standard reflexive attention effect, gaze stimuli have been shown to induce rapid attentional shifts regardless of their informational value (i.e., when the cues are not predictive, and even when they are counterpredictive, of the target location; see, e.g., Driver et al., 1999; Friesen & Kingstone, 1998; Friesen et al., 2004; Langton et al., 2000) . However, as in the standard volitional effect, these cues appear at central fixation (i.e., they do not bear spatial overlap with the potential location of the target) and induce long-lasting attentional shifts. Moreover, they do not result in a period of decreased sensitivity at the attended location, as is the case for the standard investigations of the reflexive inhibition-of-return (IOR) effect (see .
The goal of the present study was to address whether or not the effects of this type of attentional orienting, trig- Several studies have established that humans orient their visual attention reflexively in response to social cues such as the direction of someone else's gaze. However, the consequences of this kind of orienting have been addressed only for the visual system. We investigated whether visual social attention cues can induce shifts in tactile attention by combining a central noninformative eye-gaze cue with tactile targets presented to participants' fingertips. Data from speeded detection, speeded discrimination, and signal detection tasks converged on the same conclusion: Eye-gaze-based orienting facilitates the processing of tactile targets at the location of the gazed-at body location. In addition, we examined the effects of other directional cues, such as conventional arrows, and found that they can be equally effective. This is the first demonstration that social attention cues have consequences that reach beyond their own sensory modality.
gered by central nonpredictive but meaningful cues, will extend beyond the modality of vision to that of touch. There is now a wealth of evidence, derived from both the standard reflexive and the standard volitional attention paradigms, indicating that when visual attention is directed to a spatial location, the processing of visual and nonvisual stimuli alike are enhanced at that location (see Driver & Spence, 1998 , and McDonald, Driver, & Spence, 2004 , for reviews). For example, Kennett, Spence, and Driver (2002) found faster tactile judgments at the hand that had been previously cued by a nonpredictive peripheral flash than at the opposite hand (also see Gray & Tan, 2002; Kennett, Eimer, Spence, & Driver, 2001) . Similar cross-modal effects are observed in endogenous attention, when tactile targets occurring at the location where a visual stimulus is expected are processed faster and more accurately than targets appearing at other (even more likely) locations (Spence, Pavani, & Driver, 2000 ; also see Eimer & Driver, 2000, for ERP evidence) . However, the potential cross-modal effects of social cues such as eye gaze are currently unknown. Specifically, since social cues usually signal distal events, whereas touch stimuli are necessarily proximal, the extrapolation of previous visuotactile effects in spatial attention is not straightforward. However, according to current accounts, the usefulness of such gaze-induced shifts in visual attention is in allowing inferences about the object of other people's visual attention (see, e.g., Baron-Cohen, 1994; Driver et al., 1999; Langton et al., 2000) . Moreover, preliminary results in our laboratory suggested that auditory spatial attention is insensitive to the direction of eye-gaze cues (Soto-Faraco, McDonald, & Kingstone, 2002) .
We used a noninformative eye-gaze cue presented at central fixation (see, e.g., Friesen & Kingstone, 1998 Friesen et al., 2004; Kingstone et al., 2000; Kingstone, Tipper, Ristic, & Ngan, 2004) . After the cue (eyes looking laterally), a vibrotactile target was presented at varying stimulus onset asynchronies (SOAs), with equal probability at the fingertip of the cued hand and at that of the opposite (uncued) hand. We used several converging measures of target processing: a speeded simple detection task, speeded discrimination, and signal detection measures. Finally, in order to address the specificity of eye-gaze cues, we also measured the effects of arrow cues using signal detection (the strictest possible measure).
EXPERIMENT 1 Method
Participants. Seventy-five undergraduates from the University of Barcelona took part in this experiment in exchange for course credit. Each was tested in only one of the tasks (18 in the speeded detection task, 24 in the speeded discrimination task, and 33 in the signal detection task). All had normal or corrected-to-normal vision and reported normal tactile sensitivity. Data from 9 additional participants were eliminated because they erroneously responded on more than 10% of the straight-gaze trials (n ϭ 8; see Procedure, below), or because of a high error rate in the speeded discrimination task (Ͼ25%, n ϭ 1).
Materials and Apparatus. We used a schematic face (see Figure 1) consisting of a black circle outline (96 mm in diameter) centered on the screen, containing two eyes (12.5 mm to the left and right of center), a nose (3-mm dot) and a mouth (24-mm straight line). Two black circles (8 mm in diameter), representing the pupils, were drawn inside the eyes as the cue. These could be centered (straight gaze) or shifted 2.5 mm laterally (face looking left or right).
The tactile targets consisted of a 50-msec vibration presented at the tips of the little fingers via a bone conduction vibrator (Oticon p/n BC461-1-100) connected to the PC soundcard. On each hand, the back of the little finger was attached to the corresponding side of the computer screen (to the left or right of the schematic face) with a Velcro strip glued to a cloth loop that, in turn, held the vibrator to the fingertip. The participants responded by using the dominant foot to depress a foot pedal placed on the floor. During the experiment, the participants wore headphones playing white noise at an intensity level that masked any noise related to the operation of the vibrators. They could use cushions under their elbows to maintain a comfortable posture. The experiment was controlled by a PC running EXPE 6 (Pallier, Dupoux, & Jeannin, 1997) .
Procedure. The participants sat in front of the computer screen (at approximately 35 cm) with their little fingers attached to each side of the monitor (16 cm off center, horizontally aligned with the schematic face; see Figure 1A ). They were told that eye direction was uninformative as to the target location. In every trial, a face outline (without the pupils) appeared on the screen and, after 675 msec, the pupils were displayed looking right (46%), left (46%), or straight ahead (8%). The participants had to refrain from responding in the latter type of trials, which were included in all tasks to ensure attention to the face. The target appeared 112, 308, or 1,008 msec after the cue, and these delays constituted the SOAs. Cue direction (left, right, or straight ahead), SOA, and target location were selected randomly in each trial. Responses to the target in a straight-gaze trial resulted in an error feedback signal (three brief vibrations at both fingertips plus a text warning on the screen) to the participant. The next trial started after a randomly selected period of 2,037-2,490 msec. Each experimental task (described below) was divided into four equivalent blocks containing 78 trials each, for a total of 312 trials. To acquaint the participant with the task, a short training block (14 trials) was run prior to the test and repeated if necessary.
Speeded detection task. The target was a 50-msec, 200-Hz vibration. The participants were asked to depress the foot pedal under their toes as quickly as possible whenever the target was detected at either of the two hands. In this task only, an additional 15% catch trials, in which no target vibration was presented, were included in order to discourage anticipatory responses.
Speeded discrimination task. The target was a 50-msec vibration at one of two possible frequencies (340 or 100 Hz). The participants were instructed to release the foot pedal with the toe or the heel for the high-or low-frequency target, respectively. They were asked to respond as quickly as possible while maintaining accuracy.
Signal detection task. The target was a 200-Hz vibration, the intensity of which was adjusted online (in 3-dB steps) according to a staircase designed to maintain performance between 70% and 90%. On half of the trials, the target was followed by a mask (a 100-msec vibration of white noise), whereas on the other half only the mask was present. The participants were asked to respond to target-present and target-absent trials (by depressing the foot pedal with the toes and with the heel, respectively). They were instructed to respond as soon as they were sure of their decision but to prioritize accuracy over response speed. In this task, the participants received an additional training block with reduced mask intensity.
Results
Speeded detection. Responses to targets on straightgaze trials (M ϭ 5.2%, SD ϭ 8) as well as false alarms and misses (each Ͻ1%) were very rare. There were no significant effects for the latter types of errors, and therefore they were not included in the analyses reported below. Correct response times (RTs; see Figure 2 ) were filtered (removing data points falling beyond two SDs of the individual mean in each condition; 4.8% discarded overall, SD ϭ 1.9) and submitted to an ANOVA. The ANOVA included two within-participants factors: cue-target SOA (112 vs. 308 vs. 1,008 msec) and cuing (cued vs. uncued). The SOA effect was significant [F(2,34) ϭ 19.7, p Ͻ .001], with longer RTs in the 112-msec SOA than in the 308-and 1,008-msec SOAs (both ps Ͻ .01), reflecting a foreperiod effect (Friesen & Kingstone, 1998; Mowrer, 1940) . The RTs for the 1,008-msec SOA were longer than those for the 308-msec SOA ( p ϭ .03), but the significance of this comparison is unclear when the alpha level is corrected for multiple comparisons (Bonferroni adjustment; p Ͻ .017). Moreover, this type of increase is not inconsistent with a foreperiod effect, which depends on the ability to estimate the time interval and sustain preparation for when a target is due to occur (Kingstone, 1992) . Since it bears no relation to the main conclusion and did not appear in any other experiment, this difference will not be discussed further. Most importantly, however, the targets presented at the gazed-at (cued) finger were responded to faster than those presented at the nongazed-at (uncued) finger [F(1,17) ϭ 10.9, p Ͻ .005]. Although the cuing effect reached significance only at the two shortest SOAs (112 msec, p Ͻ .05; 308 msec, p ϭ .001; 1,008 msec, p ϭ .261), there was a numerical trend throughout all SOAs, and the interaction between cuing and SOA was not significant (F Ͻ 1).
Speeded discrimination (see Figure 3) . The participants rarely responded on straight-gaze trials (M ϭ 2.2%, SD ϭ 4.4). Target discrimination errors were relatively infrequent (M ϭ 6.1%, SD ϭ 5.8), and their analysis revealed no main effects of SOA or cuing (Fs Ͻ 1) and . Since RTs to cued targets were numerically shorter than RTs to uncued targets across all SOAs, the interaction between the two factors did not approach significance (F Ͻ 1). However, the effect of cuing was significant only at the longest SOA (112 msec, p ϭ .756; 308 msec, p ϭ .102; 1,008 msec, p ϭ .005). Figure 4) . The participants responded erroneously on 2.0% (SD ϭ 3.6) of the straightgaze trials. RT filtering removed 5.6% (SD ϭ 3.2) of data. The d′ (sensitivity) and c (criterion) parameters were calculated from the hit and false alarm rates for every participant and condition (Macmillan & Creelman, 1991) and submitted to an ANOVA with the same factors as for the speeded detection and speeded discrimination tasks. d′ did not reveal an effect of SOA (F Ͻ 1). Target detection was more accurate at the gazed-at location than at the opposite location, but this difference was marginal [F(1,32) ϭ 3.1, p ϭ .085]. There was no interaction between SOA and cuing [F(2,64) ϭ 1.5, p Ͼ .20], although the cue effect approached significance only at the 1,008-msec SOA ( p ϭ .085). The c parameter did not reveal any significant effects (all Fs Ͻ 1). The correct RT data showed a foreperiod effect [F(2,64) ϭ 28.6, p Ͻ .001] and, again, a significant cuing effect with shorter RTs at the gazed-at location than at the uncued location [F(1,32) ϭ 24.3, p Ͻ .001]. There was no interaction (F Ͻ 1), and RTs on cued trials were shorter than RTs on uncued trials for each individual SOA, although the difference was significant only at the two longest SOAs (112 msec, p ϭ .100; 308 msec, p Ͻ .05; 1,008 msec, p Ͻ .005).
Signal detection (see

EXPERIMENT 2 Method
Participants. Thirty-three new participants from the same population as those in Experiment 1 were tested. Data from 6 additional participants were eliminated due to a failure to withhold responses on double-arrow (analogous to straight-gaze) trials (Ͼ10%).
Apparatus, Materials, and Procedure. These were exactly as in the signal detection paradigm of Experiment 1 except for the cue. The face outline was replaced with a straight line (see Figure 5A) , and the pupils were replaced with two arrowheads that appeared 12.5 mm to the left and right of center, both pointing either to the left or to the right. As a replacement of the straight-gaze trials, some trials contained the left and right arrowheads superimposed, forming a cross at each of the two points on the straight line.
Results
The data (see Figures 5B and 5C ) were filtered as in Experiment 1 (3.2% of data removed, SD ϭ 1.8). Erroneous responses on the straight-gaze trials amounted to 2.3% (SD ϭ 2.7). An ANOVA on the d ′ scores revealed no effect of SOA (F Ͻ 1) or cuing [F(1,32) ϭ 1.0, p ϭ .320] and no significant interaction (F Ͻ 1). The ANOVA on the criterion parameter did not reveal any significant effects either (all Fs Ͻ 1). The ANOVA on correct RTs revealed an effect of SOA [F(2,64) ϭ 7.9, p ϭ .001] and a significant cuing effect [F(1,32) ϭ 13.5, p ϭ .001], with shorter RTs at the cued location. Although there was no interaction between SOA and cuing (F Ͻ 1), the numerical advantage observed in the cued trials was significant at the two longest SOAs (112 msec, p ϭ .256; 308 msec, p Ͻ .05; 1,008 msec, p Ͻ .005).
We pooled the data from the signal detection paradigm of Experiment 1 and Experiment 2 and submitted them to new analyses (on RTs and d′), including experiment as 
GENERAL DISCUSSION
The main conclusion to emerge from this study is that the effect of visual social cues to spatial location transcends the visual domain, enhancing the processing of tactile stimuli at the cued body location. We have shown, across three different tasks, that one's tactile attention shifts to the location toward which the eyes of a schematic face are looking. Moreover, the results of Experiment 2 indicate that, in principle, there seems to be little difference between the behavioral effects of eye-gaze cues and those of other (perhaps less biologically relevant) directional cues, such as arrows. Since the cues used in this study were central and noninformative, the resulting tactile attention effect appears to be both fundamental and reflexive in nature. Indeed, this effect follows a time course similar to that observed with visual targets used in similar paradigms-that is, the gaze effect appears rapidly and does not lead to IOR.
Despite the consistent lack of interaction between SOA and cuing, which suggests a rapid and persistent shift of attention, individual tests at each SOA as well as visual inspection of the data demand some caution in drawing this conclusion. For example, in the speeded discrimination and signal detection tasks it would appear that tactile processing benefited from the attention shift only after the 112-msec SOA. It could be that, because of the small size of the effects at the longer SOAs, there was simply not enough statistical power in each individual experiment to detect the interaction. However, further data analyses counter this possible interpretation; even when the RT data of all 108 participants are pooled, the SOA ϫ cuing interaction remained far from significant [F(2,208) ϭ 1.66, p ϭ .193] . Moreover, the effect of cuing at the 112-msec SOA in this pooled analysis was significant [F(1,104) ϭ 5.2, p Ͻ .025], without a hint of interaction between task and SOA (F Ͻ 1). We argue, therefore, that there was a consistent albeit occasionally small cuing effect throughout, a result that is consistent with the reflexive nature of the attention shift as reported for visual targets .
The use of several converging measures helps us to determine that these effects are attentional in nature. On the basis of speeded simple detection data alone, one could reasonably argue that detection RTs to a cued location are shorter merely because of a response criterion shift. However, speeded discrimination and signal detection data clearly show that our participants were not trading faster response speed for poorer response accuracy and that there was no shift in response criterion. Consequently, the present results demonstrate for the first time that central noninformative cues can be effective at triggering shifts in tactile attention.
Despite the claims of some researchers that eye-gaze cues are special in terms of triggering attention shifts, the pattern of effects obtained here with arrow cues was fairly comparable to that obtained using eye-gaze cues. The only discrepancy was the existence of a nearly significant effect of gaze cues on sensitivity, which was not seen when arrow cues were used. However, this difference can hardly be taken as a basis for dissociation, given the similar profile for RT and the fact that the interaction between experiment and cuing was far from significant (as was the interaction between experiment and cuing at every SOA level; all ps Ͼ .25). Therefore, arrows seem to be just as effective as eye gaze in orienting tactile attention. This is consistent with other recent findings, in which no such dissociation has been observed in terms of behavioral results (see, e.g., Ristic et al., 2002) .
However, this lack of behavioral dissociation does not necessarily imply that eye gaze and other types of cues are processed alike (Kingstone et al., 2000; Kingstone et al., 2004) or even that they always have an equivalent behavioral effect. For instance, Friesen et al. (2004) have found that it is harder to attend to the opposite direction of a gaze cue than to that of an arrow cue (also see Kingstone et al., 2000, and Ricciardelli, Ro, & , for laterality-based dissociations). Moreover, evidence from neuroimaging studies points to certain brain areas (i.e., the superior temporal sulcus) as being specialized in de- coding dynamic aspects of faces, such as eye-gaze direction (Hoffman & Haxby, 2000; Kingstone et al., 2004; see Perrett & Emery, 1994 , for evidence from neurophysiology studies). We argue that despite the potentially special processing that eye-gaze cues may undergo, their effects on spatial attention may often be equivalent to those of other types of directional cues. This is consistent with a proposed circuit in which first the cue would be decoded by a specialized mechanism and then the output of this processing would be relayed to a generic attention mechanism, which would reorient the focus of attention (see Corbetta & Shulman, 2002 , for a recent review of the possible structural and functional components of attentional orienting). In line with this idea, extant neuroimaging data has revealed links between the superior temporal sulcus (putatively the eye-gaze interpreter) and the posterior parietal cortex, an area critical for orienting attention in space (George, Driver, & Dolan, 2001 ; also see Kingstone et al., 2004) . Interestingly for the interpretation of our results, several neuropsychological (e.g., Làdavas & Farnè, 2004) , human electrophysiological (e.g., Kingstone et al., 2004; McDonald, Teder-Sälejärvi, Di Russo, & Hillyard, 2003) , and neuroimaging (e.g., Macaluso & Driver, 2004) studies show that the cited attention mechanisms in the parietal cortex are multimodal.
In conclusion, we have shown that the consequences of uninformative central, social cues on the spatial allocation of attention can span to other sensory modalities. This extends previous cross-modal attention findings using standard (exogenous or endogenous) attention paradigms. The pattern of results suggests a rapid and sustained attention shift that is not followed by IOR. Finally, this extension to other modality combinations appears to be equivalent across eye-gaze and arrow cues, a finding that supports the notion that the attention shift, but not necessarily the interpretation of the cue, may be subserved by a common multimodal mechanism.
